Introduction
The placement of umbilical catheters (UCs) in Neonatal Intensive Care Units (NICUs) is a common procedure. In the first two days after birth, the umbilical vein and the umbilical arteries can be used for the insertion of venous and arterial catheters. An umbilical central venous catheter (UVC) is required to administer fluids, medications and parenteral nutrition to critically ill newborns. An umbilical arterial catheter (UAC) is used in critically ill newborns when frequent blood sampling is necessary or when continuous blood pressure monitoring is required. The use of UCs is not without risks. Several complications (in a range of 2.5% -20%) of UVCs have been described in the literature, such as central line associated bloodstream infection (CLABSI), thrombosis, dislocation and extravasation [1] - [6] .
For UACs, complication rates are reported from 5.5% to 32%, including complications such as vascular spasm, ischemia, haemorrhage, CLABSI and thrombosis [7] [8] . Frequent observation of the position of the UC in the umbilical stump has been proposed as a measure to prevent catheter complications such as dislocation, which can result in leakage and blood loss. For these reasons, in our NICU, the prone positioning of a neonate with an UC is not allowed. We assume that prone positioning will increase the risk of local complications too, such as a persistent wet umbilical stump or red umbilical rim. This might be a risk factor for developing major complications, such as dislocation and CLABSI. However, this presents a dilemma because prone positioning is assumed to be the best position for these vulnerable patients with respiratory problems [9] [10] . In a questionnaire completed by 10 Dutch NICUs, prone positioning of a neonate with an UC is a common practice in 7 NICUs because of the respiratory advantage (unpublished data). However, they never analysed the UC complication rate in prone position. In their experience, there was no increasing risk of severe UC-related complications when positioning a neonate with an UC in the prone position. In the literature, no study has specifically described the complications associated with the prone positioning of newborns with an indwelling UC. In the guidelines from the Centers for Disease Control, no recommendation has been made for positioning of newborns with an UC [11] .
Because prone position with an indwelling UC is a common practice in most NICUs due to its respiratory advantage for the neonate, we decided to change our policy. From the start of this study it was allowed to position newborns with an indwelling UC in prone position if possible. Simultaneously, we started a prospective observational pilot study on UC complications in these newborns with UC in situ during prone position. An approval of the medical committee of the institution or informed consent is not necessary because this observation study is based on common practice in most Dutch NICUs.
Purpose
The primary aim of this study was to analyse the incidence of UC complications leading to catheter removal when newborns with UCs were positioned in the prone position at least 12 hours in 48 sequential hours. The secondary aim was to analyse whether local complications would increase the risk for major complications.
Subjects
The setting was a third level 17-bed NICU with an average of 500 admissions per year.
In this prospective observational pilot study, we collected data from all newborns (from 24 weeks gestational age until term) admitted to the NICU who received an UC and nursing care in the prone position. Since prone position is not always continuously applied, only participants with at least 12 hours (3 times of 4 consecutive hours) during 48 consecutive hours in the prone position were included. Newborns who died or were transferred to another hospital with an indwelling UC for at least 48 hours and who met the criteria were also included because the effect of a minimum of 12 hours in the prone position and the possible development of local or major complications was the primary and most important goal of our study.
Excluded were: 1) newborns who did not meet the inclusion criteria of a minimum of 12 hours in the prone position over 48 consecutive hours; 2) newborns with severe persistent pulmonary hypertension; 3) newborns with abdominal surgical problems; 4) newborns who underwent Extra Corporeal Membrane Oxygenation (ECMO) treatment; 5) newborns with an UC inserted in another centre; 6) newborns with a wet and/or red umbilical stump and rim within 12 hours after insertion of the UC.
Design and Method
Over a 12-month period (during September 2009-September 2010), data was collect by the investigators.
Before this pilot study, all nurses were instructed in the standard care of an UC, the inclusion and exclusion criteria, the use of the checklist ( Table 1 ) and in recognizing the complications. Prone positioning was not allowed in the first 12 hours to ensure proper observation of leakage or blood loss. Prone positioning was allowed when the umbilical stump and the rim were dry and without redness. Thus, twelve hours after insertion of the UC, the nurse initiated prone positioning when possible.
During the total observation period, each neonate was positioned for at least 12 hours of 48 consecutive hours in the prone position. Endpoints of the analysis were removal of the UC because of end of treatment or complications, transfer to another hospital or newborns who died with an indwelling UC > 2 days.
Clinical characteristics, complications, indwelling time of the catheter, hours in prone position, observation of the umbilical stump, occlusion of the infusion pump and the reason for removal were recorded every two hours by the nurses using a standard manual of criteria. Reasons for removal of the UC can be divided in two groups: elective reasons (end of therapy, discharge and death) and non-elective reasons. Non-elective reasons included obstruction of the UC (difficult or impossible to flush, inability to administer fluid in 3 seconds), leakage/blood loss (around the UC insertion site), dislocation and CLABSI. Local complications not directly resulting in removal included redness of the skin rim of the umbilical stump or a moist or wet umbilical stump.
In this study we used the CLABSI definition of health care-associated infection and criteria for specific types of infection in acute setting as mentioned for patients < 1 year in the Centers for Disease Control and Prevention (CDC) [12] .
CLABSI is a laboratory-confirmed bloodstream infection with a UVC and/or UAC in place for a minimum of two days or in place on the day of event or the day before.
Laboratory-confirmed CLABSI was defined by using one of the first two following definitions: Criterion 2: clinical signs of sepsis (especially for patients < 1 year: fever or hypothermia, apnea or bradycardia), two or more positive blood cultures drawn on separate occasions with the same micro-organism (incl. skin micro-organism) and no other infection source. Criterion elements must occur within a timeframe that does not exceed a gap of 1 day.
An important and in practice common used criterion, but not mentioned in the CDC, is the criterion of only clinical sepsis (CSEP). In this special patient group, clinical signs are frequently the only manifestation of sepsis in the beginning and this is usually sufficient enough to start treatment with antibiotics. Sometimes it is very hard to obtain a blood culture of the small blood vessels, which frequently results in insufficient outcome for sensitive detection of bacteraemia [13] . Because of this reason, we added "CSEP" as an additional CLABSI definition. This includes clinical signs of sepsis as mentioned in criterion 2, no or one positive blood culture (only skin micro-organism), and no other infection source other than a CVC (in situ or removed in 24 hours), and medical reasons to start sepsis treatment. This is comparable with other studies with their specific description of CSEP [14] [15] .
Because in many studies only the laboratory-conformed CLABSI as mentioned by the CDC is followed, we decided to use the laboratory-confirmed CLABSI and the CSEP separately.
Thrombosis screening was only indicated when there was a clinical reason for thrombosis.
Material and Procedure
An UCC of UAC (with respectively charrières 5 and 3.5, Kendall Argyle, Tyco Healthcare, Tullamore, Ireland) was inserted under sterile conditions by trained neonatologists, nurse practitioners and residents who followed a standard protocol outlining the insertion procedure. In most cases, UAC and UVC were inserted at the same time. The tip of the UAC was positioned above the aortic bifurcation and below the origins of the renal arteries (under the 2nd lumbar vertebrae). The tip of the UVC was positioned in the inferior vena cava just before the junction with the right atrium and at the level of diaphragm. After placement of the UC, the position of the tip was verified by X-ray and repositioned if necessary before parenteral nutrition or drugs were administered. The catheter was fixated with a suture through the umbilical jelly. A second fixation of the catheter with plaster (a neo-bridge) was used for extra safety [16] . Twice a day, the insertion place was disinfected with a 0.5% chlorhexidine/alcohol 70% solution. In order to reduce the UC complications, especially CLABSI, our protocol prescribed that when possible an UC should be removed as soon as possible. As a standard of care, heparin was continuously administered at a dose of two units per hour. Only saline with heparin was administered through the UAC. For the UVC, all medications and fluids could be used, except for blood products. The entire drip system of the UVC and UAC was replaced every 96 hours and 48 hours, respectively, according to our hospital's protocol. Drip systems for the administration of intralipid (fat solution) were changed every 24 hours. The catheter insertion site was checked every two hours for signs of inflammation, leakage and blood loss as part of the standard of care.
All 60 NICU nurses were competent in the care of UCs. During the primary education of NICU nurses, the nurses were trained and assessed in the care of an UC. The nurses were re-trained every three years. The standard care for a neonate in the supine or prone positioning did not differ. All of the patients were monitored for heart rate, respiratory rate and arterial oxygen saturation using pulse oximetry.
Mean Outcome Measures
The mean and standard deviation were used to describe continuous variables, which followed a normal distribution.
To check for statistical significance between categorical variables, Pearson's chi-square test or Fisher's exacttest (in case one or more cells had an expected count less than five) was used. The relative risk was used as the association measure between a dichotomous outcome and a dichotomous risk factor. The data are presented with 95% confidence intervals. A confidence interval not containing the value 1 indicated a significant relationship between the risk factor and the outcome. Effects were considered statistically significant at the 0.05 threshold (α = 0.05). SPSS 20.0 for Windows was used for statistical analysis.
Results
Hundred six patients were selected. Eighteen patients were excluded because they did not meet the inclusion criteria of the minimum hours in the prone position. Finally, 88 patients were included. All these newborns had an UVC (57% single lumen, 43% double lumen). In 44.3% cases an UAC was inserted in the same time. The mean birth weight was 1345 gram (min 400 gram, max 4220 gram). The mean gestational age was 29.6 weeks (min. 24 weeks, max. 40.0 weeks, Table 2 ). The main reason for insertion of an UC was the need for total parenteral feeding. There was a wide range of hours in the prone position (range 14 h -279 h) during this study with a mean of 80.5 hours. The mean indwelling time for the UC was 6 days (mean 145 hours, range 24 hours -336 hours) with a total of 529 catheter days.
The main reason for catheter removal was elective removal because end of treatment ( Table 3 ). There was no excessive blood loss or perforation of the catheter. There was a low incidence of dislocation, followed by leakage and obstruction. No thrombosis screening was indicated during this study, based on clinical signs. There were no specific occlusion alarms on the infusion pump.
CLABSI (laboratory-confirmed CLABSI and CSEP) was the most important complication to remove a catheter (18.2%, 30.2 per 1000 catheter days).
However, laboratory-confirmed CLABSI was only confirmed in 9.1% of the CLABSI removals (17 CLABSIs per 1000 catheter days). Only 4.5% met criterion 1 and 4.5% met criterion 2 for laboratory-confirmed CLABSI.
Coagulase negative staphylococcus was the most important and common cause of laboratory-confirmed CLABSI.
There was a high incidence of local complications (redness of the umbilical rim 13.6%, persistent wet or moist umbilical stump 64.8%, pus excretion 9.1%, Table 4 ). Almost all umbilical stumps with a red rim had a persistent wet or moist umbilical stump.
The incidence of CLABSI (laboratory-confirmed CLABSI and CSEP) in a persistent wet umbilical was 17.9% versus 19.4% in the dry umbilical stump. This means that the relative risk for CLABSI in case of a persistent wet umbilical stump was 0.9 as compared to a dry rim (95% confidence interval 0.38 -2.4, p = 0.91). The relative risk for only laboratory-confirmed CLABSI in case of a wet umbilical stump compared to dry umbilical rim equals 0.6 (95% confidence interval 0.15 -2.1, p = 0.4).
There was also no increased relative risk in case of redness of the umbilical rim (p = 0.34). In 8 cases (9.1%), we found pus excretion around the stump. In 3 cases, the UCs were electively removed and in one case the UC was removed because of leakage. In these 4 cases there were no clinical signs and no CLABSI developed within a timeframe of 24 hours. Only in 4 cases there was CLABSI (2 numbers laboratoryconfirmed CLABSI and 2 numbers CSEP) with pus excretion. The relative risk for CLABSI in case of pus excretion was 3.3 as compared to clean umbilical stump (95% confidence interval 1.40 -7.93, p = 0.014). The relative risk for only laboratory-confirmed CLABSI in cases of pus excretion compared to clean umbilical stump was also 3.3 (95% confidence interval 0.80 -13.87, p = 0.1).
In 7 cases of pus excretion, the umbilical surrounding was also defined as wet or moisty. Only in one case there was also a red rim. The relative risk for pus excretion in case of a wet umbilical stump compared to a dry rim equals 4 (95% confidence interval 0.515 -31.06, p = 0.14). However this is not significant, we assume the possibility that a wet rim will increase the risk of pus excretion.
A double lumen UVC or a simultaneous insertion of UVC and UAC did not increase the relative risk for CLABSI (laboratory-confirmed CLABSI and CSEP). This was respectively p = 0.24 and p = 0.48.
Also birth weight and gestational age did not influence the complication risks in this study (both p > 0.5).
Because the duration of hours in prone position is depending on the indwelling time of the UC, a relative risk of complications only depending on hours in prone position cannot be made.
Discussion
In this observational pilot study, no excessive blood loss, occlusion or dislocation was seen during the prone position period. There was a relatively high incidence of CLABSI (using laboratory-confirmed CLABSI and CSEP). However, when using only the laboratory-confirmed CLABSI there is still a high CLABSI incidence (9%, 17 CLABSI per 1000 central line days), compared to the literature (2.3 -17 CLABSI per 1000 central line days) [2] [17]- [21] . Because there is no comparable study, we cannot conclude whether this high incidence is especially associated because of the prone position. However, this can be a starting point for further research. A comparison between the studies is difficult because different CLABSI definitions have been used. Probably this can declare our high CLABSI incidence too. In 50% of our defined CLABSIs there were laboratory-confirmed CLABSIs according to the CDC criterion.
Well-known factors that can increase CLABSI are indwelling time of an UC, gestational age and total parenteral feeding [2] [11] [19] [22] [23] .
Gestational age did not increase the risk of complications in this study. Total parenteral feeding was the main reason for UC insertion. The need of total parenteral feeding consists in a longer indwelling time of a UVC, which probably influences the outcome (reasons for removal).The maximum indwelling time of the UVC in our study did not exceed 14 days, as described in more studies, which is relatively safe [2] [11] [22] . Chien et al. (2002) found an adjusted relative risk from 2.5 for the use of an UC comparing to no UC use, causing nosocomial bloodstream infections [22] . Also frequent manipulations of the UC are a contributing factor in CLABSI. An average of 3.2 manipulations per day (0 -15) is associated with a 5-fold increase in CLABSI in very low birth weight infants. We did not count the manipulations per day, so this adjusted risk cannot be mentioned, but is an important issue.
We could not find data about the incidence of local complications for UCs, such as redness of the umbilical rim or a persistent wet umbilical stump in the literature. Therefore we assumed that the incidence of these local complications is very low or negligible. However, in this study we found a high incidence of these local complications. A reason for this high incidence might be the high humidity around the umbilical stump during prone position. Despite this high incidence, a persistent wet umbilical stump and redness of the umbilical rim were not a risk factor for major complications, such as leakage, dislocation or CLABSI.
On the other hand, a wet umbilical stump increased the risk of pus excretion (although not significant) and pus excretion increased the risk of CLABSI significantly. Thus indirectly, a wet rim can possibly increase CLABSI. In our previous study (2005) (2006) in were complications in peripherally inserted central venous catheters and umbilical venous catheters were analysed, there was a CLABSI incidence (including laboratoryconfirmed CLABSI and CSEP) in UVCs of 15% [23] . This outcome is comparable with the CLABSI incidence in this study. However the laboratory-confirmed CLABSI in our previous study is lower (4.3%). Although both studies have been conducted on the same ward, again we cannot make a reliable comparison while the first study was a retrospective observational study with a larger population.
This study has an important limitation. It is not a randomized study, but only an observational cohort study. The duration of prone position is also not standardized. Therefore, we consider this study as a pilot study in order to get some impression about the magnitude of the complications of UC during prone position, because there is a lack of data about it in the literature. A larger prospective randomized controlled trial of UC comparing prone and supine position can be recommended.
Conclusions
The application of prone positioning in combination with umbilical catheters in newborn infants did not result in more severe complications as compared with the literature data of UC in supine position. However, the laboratory-confirmed CLABSI incidence is relatively high. There is a high incidence of local umbilical complications without increasing the risk of major complications with exception of pus excretion from the umbilical stump. In case of a wet rim or pus excretion around the umbilical stump, removal of the UC should be seriously considered.
So, an umbilical catheter should not be considered as a contraindication for prone positioning when frequent observation of the umbilical rim is a standard care. A larger prospective randomized controlled trial is recommended to improve support for this conclusion.
